Introduction
The insufflation of carbon dioxide into the abdomen to enable laparoscopic visualization of its contents is a common procedure. Although the resulting cardiovascular and respiratory effects have been well investigated, relatively little is known of the fate of the gas introduced and of any possible gas exchange which might occur.
The present study was undertaken to determine the concentrations of carbon dioxide, nitrous oxide, nitrogen and oxygen present at the end of laparoscopy, using carbon dioxide as the insufflating gas, and their relationships, if any, to the duration of the procedure.
Methods
Twenty-five patients undergoing gynaecological laparoscopic investigation or sterilization were premedicated with papaveretum and hyoscine. Induction was carried out using thiopentone. Relaxation for intubation was obtained using suxamethonium or alcuronium. On four occasions halothane or enflurane was given in the anaesthetic room only, to improve conditions for intubation where alcuronium was used. The anaesthetic was maintained with a nitrous oxide, oxygen and fentanyl sequence. Intermittent positive pressure ventilation was carried out using either 6 litres of nitrous oxide and 3 litres of oxygen, or 5 litres of nitrous oxide and 2.5 litres of oxygen. Alcuronium was the muscle relaxant used during the procedure. Therefore, for approximately 15 minutes before laparoscopy began and throughout its duration, the patients were ventilated with 66.6% nitrous oxide and 33.3% oxygen without any other volatile or gaseous addition. However, in three instances 0.6% enflurane was given in place of fentanyl.
The following times were noted: first, from the beginning of nitrous oxide anaesthesia until the start of insufflation of carbon dioxide (prelaparoscopy time, time A); and secondly, from the start of insufflation using carbon dioxide until the time of collecting the gas sample (laparoscopy time, time B). No denitrogenation or pre-oxygenation was carried out. 1Based on paper read to Section of Anaesthetics, 6 May 1983, by Dr A E Cameron who was a runner-up for the Registrars' Prize. Accepted 7 July 1983 Therefore, time A represents initial denitrogenation, and time A plus time B equals the total denitrogenation time by the end of the laparoscopy. Carbon dioxide was delivered at roughly one litre per minute for 3 minutes and thereafter to maintain the abdominal pressure at 10 cmH2O. At the end of laparoscopy, the abdomen was allowed to deflate via the tubing which carries the insufflating gas from the insufflator to the laparoscopic cannula. The sample then passed through a three-way tap to a gas-tight collecting bag (Calibrated Instruments Inc, Ardsley, NY 10502). This system allowed any gas remaining in the abdomen to be sucked out using a ground-glass syringe connected to a three-way tap, and then delivered to the collecting bag. The first 50 ml of gas was discarded to clear the tubing dead space, which was 35 ml.
All samples were analysed for nitrous oxide using a Wilkes Miran infrared spectrometer set at 7.8 ,u, and for oxygen using a Servomex OA 101 MKII paramagnetic oxygen analyser, the gases being dried using calcium chloride. Following encouraging results on the first 5 patients, measurements were also carried out using a Centronic MGA 200 mass spectrometer for the remainder of the series of 25 patients, giving results for nitrogen and carbon dioxide for 20 patients and also yielding confirmatory results for oxygen and nitrous oxide. There was no statistically significant difference between the results from the two methods for each gas (paired t test: P > 0.2 for oxygen, P > 0.1 for nitrous oxide). Due to the fact that our gas mixture contained gases with overlapping spectra, it was necessary to employ a spectrum overlap eraser (Davis & Spence 1979) .
Results
Details of procedure duration, volume of samples obtained and patient weight and age are shown in Table 1 . The concentrations of the four gases analysed are shown in Table 2 . The sum of all four gas concentrations had a mean value of 99.59%.
There was a positive correlation between N20 concentration in the abdominal gas at the end of the laparoscopy and the duration of the procedure (N20% =-0.1 + 0.45 (min); r = -0.57) ( Figure IA) . Carbon dioxide showed a similar but negative correlation (CO2% = 99.5 -0.56 (min); r = 0.65) ( Figure 1B ). The apparent rise in oxygen concentration with time ( Figure 2A) is not statistically significant. The nitrogen results ( Figure 2B ) are apparently quite random and did not correlate with the prelaparoscopy denitrogenation time (time A) or total denitrogenation time (time A + B). The ratio of mean nitrogen concentration to mean oxygen concentration was 1.24: 1 and not the 4: 1 ratio which would be expected with air contamination. Indeed, the highest results for nitrous oxide were accompanied by a nitrogen to oxygen ratio of 1: 1 or less, which is evidence that these results reflect true diffusion into the cavity and not air contamination. The values for all gases were mean values for the total gas volume in the abdomen at the end of the laparoscopy. On several occasions, small (50 ml) samples were taken as the abdomen was emptied. A progressive irregular rise in nitrous oxide concentration was found, suggesting that some layering or pocketing occurs in the abdomen.
Discussion
In our samples a mean volume equal to only 30% of the injected gas was recovered, so that over 70% of the carbon dioxide must still be accounted for (the recovered gas included 02, N2 and N2O). After removal of the sample, the abdomen was seen to be completely 'flat'. Emptying the abdomen using a syringe technique is known to be very efficient (Tenney et al. 1953) , so that it is unlikely that large amounts of gas were left in the abdomen. An attempt to estimate CO2 absorbed during laparoscopy has been made by measuring end-tidal CO2 and calculating CO2 excretion, Vco2 and increase in CO2 storage (Seed et al. 1970) . It was shown that the rise in Vco2 was only 16 ml and that the CO2 storage increased by 200 ml during the total procedure. Thus for a laparoscopy of ten minutes duration only 360 ml of CO2 loss can be explained by absorption. In the CO2 uptake study of Seed et al. (1970) , the mean duration of laparoscopy was 30 minutes and the volume of CO2 insufflated was 5-10 litres. Assuming that the abdomen did not contain more than 3 litres of gas at any one time, then large losses must also have occurred in this study. In general, a flow of 200 ml per minute is required to maintain the pneumoperitoneum once it has been established, and as the rate of absorption is only 20-30 ml per minute a constant leak to atmosphere must occur. In addition, there is almost certainly a large loss on inserting the laparoscope and checking its position. Whether this loss affected the results obtained is uncertain. There was no correlation between the nitrous oxide concentration and the amount of gas recovered, whether expressed in terms of absolute volume or as a percentage of gas insufflated. There was also no correlation between the amount recovered and the duration of the procedure. Neither did the percentage recovered decrease with increasing total volume insufflated, as might reasonably be expected in the presence of a continuing leak and a presumably constant abdominal gas volume. The numbers involved in this trial are probably too small to show whether these relationships exist. It may be that fresh CO2 is preferentially lost and this, along with the pocketing or layering which occurs, tends to make the total insufflation volume and percentage recovery of little importance.
It is known that nitrous oxide can enter artificial pneumothoraces, and concentrations up to 20% have been measured (Hunter 1955) . Cardiovascular changes were also noted in this study of patients with artificial pneumoperitoneums receiving nitrous oxide anaesthesia. It has also been suggested that anaesthetic gases would enter a carbon dioxide pneumoperitoneum at the end of the procedure (Hodgson et al. 1970 ). The present investigation shows that this gas exchange does occur during clinical laparoscopy to a significant extent. Figure 2A shows an apparently rising concentration of oxygen, but this does not reach statistical significance. It has been shown in dogs that it takes about two hours for oxygen to reach a stable concentration equal to the PV02 in a nitrogen pneumoperitoneum (Tenney et al. 1953) . Carbon dioxide rises 4-5 times faster (Malorny & Schniewind 1961) . Nitrous oxide is absorbed rapidly but slightly less so than carbon dioxide (McIver et al. 1926 ). Thus the time available in this study was probably too short to show statistically significant changes in oxygen or nitrogen, as the pressure gradient is relatively small.
With regard to nitrogen, there was no correlation with the duration of the procedure or the denitrogenation times. The scattered results reflect that tissue ni-trogen levels are falling during the laparoscopy with continuing ventilation with N2O/O2, so that a steady rise inside the abdomen cannot be expected. That levels as high as 1.8% were achieved shows that tissue nitrogen levels are still high even after 15-25 minutes of denitrogenation.
When calculating CO2 absorption rates from the abdomen, the gas tension difference across the peritoneal capillary wall has been calculated as 88.7 kPa (10 1 -SVPRT -PVCO2) (Seed et al. 1970) . However, as soon as the gas enters the abdomen, gas exchange with the surrounding tissues will occur, reducing the tension gradient progressively and thus making a more complex calculation necessary for CO2 uptake. The slight positive pressure in the abdomen, 10-20 cmH20, should also be taken into account.
The use of diathermy within the abdomen where nitrous oxide has been used as the insufflating gas may carry a risk of explosion (Robinson et al. 1975 , Drummond & Scott 1976 . It is probably only a high risk where other contaminating gases are present, such as following accidental perforation of the bowel. There have, however now been 3 cases of fatal intraperitoneal explosions where nitrous oxide was used as the insufflating gas (El-Kady & Abdel-Razek 1976, Gunatilake 1978 , Robinson et al. 1979 . Although nitrous oxide does diffuse into a carbon dioxide pneumoperitoneum it is very unlikely to exceed 15%, and as this is in an atmosphere of 80-90% CO2 there is almost certainly no real risk present. Therefore the use of nitrous oxide as a part of the anaesthetic technique during laparoscopy using CO2 as the insufflating gas is not contraindicated.
